To analyze the changes in both respiratory function and cardiopulmonary exercise tests results in patients subjected to laparoscopic cholecystectomy.
Introduction
At the end of the last century the surgical treatment of gallstones showed a significant advance because of the emergence of new analgesics and anesthetics of quick clearance as well as the development of surgical techniques with minor abdominal wall trauma such as minilaparotomy and laparoscopy 1 .
The laparoscopic surgery technique has rapidly spread because it offers several advantages over conventional open surgery.
The diminishment in postoperative pain provided a positive human impact, and the reduction in hospital stay as well as the earlier return to work generated a socioeconomic impact; and the minimal scarring favored aesthetic aspects 2 . However, despite being minimally invasive this surgical method, postoperative complications shall not be disregarded. Among all downsides, pulmonary complications stand out as risk factors of high morbidity in upper abdominal surgery 3 . Among the findings of revolutionary techniques, pneumoperitoneum, which is imperative for the laparoscopy, became the object of important studies owing to its high morbidity rate within the procedures 2 .
It has been evinced that the manipulation of the abdominal cavity in this sort of surgery leads to a diminishment in both pulmonary volume and capacity that might result in respiratory complications such as hypoxemia and atelectasis 4, 5 . Thus, the objective of the present study is to analyse the respiratory function behavior in the postoperative moment of laparoscopic cholecystectomy, when compared to the values that were obtained in the preoperative moment (control). It also aimed to assess if mechanical alterations might directly interfere in the results of cardiopulmonary exercise tests such as the 6-minute walk test (6MWT) and stair-climbing test (SCT), since there is no report concerning both tests in the literature.
Methods
This study was perforned in the "Dr. Arnaldo Prado Curvêllo" Bauru State Hospital and was approved by the Ethics Committee from the São Paulo State University, UNESP, Botucatu.
One hundred twenty five patients who signed the free consent and awareness term were subjected to laparoscopic cholecystectomy. Seventy five subjects were excluded from the experiment because: procedure evolved to open surgery (15 patients), there was consent withdrawal at PO1 (20 patients), patient did no return at PO5 (15 patients) or at PO30 (25 patients and cardiopulmonary exercise test (6MWT) and SCT.
The diaphragmatic index (DI1) was stablished by the formula DI 1 = ΔAB / ΔAB + ΔTC, in which Δ corresponds to the difference between the abdominal circumference (AB) and the thorax circumference (TC), measured during maximum inspiration followed by regular expiration 5 . The thorax expansion (DI 2 ) was determined by the formula DI 2 = ΔXF / ΔXF + ΔAX by measuring the cirtometry from the axillary fold (AX) and the xiphoid process (XF), in the same way that was performed for DI 1 7 . Measuring was performed twice and the average from both values were taken into consideration.
Spirometry was performed with a calibrated portable Pony FX values at PO1. MIP showed values that were similar to the ones of PRE at PO5 and MEP showed the same pattern only at PO30 (Table 1 ).
The distance that was covered in the 6MWT was significantly shorter than the one of PRE for both PO1 and PO5, but at PO30 values were similar to the ones of PRE (Table 2) . SCT values were significantly compromised at PO5 and at PO30 since they were already similar to the ones of PRE (Table 2) . According to Borg's scale it was observed that the fatigue was significantly higher at PO1 after 6MWT, whereas SCT showed no difference Lower case letters compare mean values of studied time moments. Time moments followed by at least one letter in common are not statistically different.
MomentS
among the three studied moments, despite the fact that SCT fatigue was higher than the one of 6MWT (Table 2) .
After 6MWT there was no significant decrease in SpO 2 , but HR and RR increased at all studied moments (p<0.01).
After SCT, there was significant decrease in SpO 2 at all studied moments, and both HR and RR had a higher increase in values when compared to those after 6MWT (p<0.001).
Discussion
The frequency of female patients that are subjected to cholecystectomy ranges from 61.9% to 90% 16 , and this epidemiological characteristic was also revealed in the present study, in which 76% of the sample consisted of women.
Age is an important predictive factor for complications after cholecystectomy due to the increased incidence of complicated gallbladder disorder and higher morbididy of According to the literature, pulmonary complications in the post-operative period of conventional abdominal surgery usually range from 30% to 80% 20, 21 . In laparoscopic cholecystectomy the most expected pulmonary complication on the days immediately after surgery is atelectasis, which varies in 10% to 35% of incidence 4 . In the preesent study it was observed mild restrictive ventilatory disorders, which were more severe on Some authors analyzed the DI of individuals that underwent laparoscopic cholecystectomy and found a decrease of 36 to 47% at PO1 5, 27 , unlike the present study which showed that there was not any significant statistical difference in any studied moment. It is believed that there is a correlation between ambulation and DI, and ambulating patients would not have changes in DI, agreeing with the mean values of this study. This shows the importance of the early ambulation that was suggested in this study to patients at PO1 and also the early discharge.
Notwithstanding, it is important to mention that data gathered at PO1 were obtained after ambulation, which might justify the discrepancy with data from other authors 5, 27 .
The application of pre-operative exercise tests could detect alterations in the oxigen transportation that would only be discovered when the patient might have displayed a higher metabolic need in the intra or post-operative moment 28 . Prior studies 14, 15 showed that if the patient is able to walk 500 meters or more in the 6MWT or takes 40 seconds or less to climb up a 12m ladder, it is most likely that his VO 2 is above 25mL/Kg/min, which makes him a patient of low risk for complications after toracic and upper abdomen surgeries. The subjects included in the present study showed a mean value for 6MWT at PRE that was about 500 meters and the SCt of 48 seconds, which proves their good performance at PRE. 6MWT and SCt decreases were significant from PO1 up to PO5, but their differeces from PRE values were very little, thus proving that the aggression caused by the surgery did not lead to great perfomance loss for the patients.
Borg's scale is easy to be used, provides good repeatability, and has been used as a method to self-adjust to physical activities aimining to reach a desirable effort level, which includes the submaximal activity. It showed that fatigue in SCT is bigger when compared to 6MWT, which was proved by the bigger increase of HR and RR on SCT rather than on 6MWT.
The most important test for the PRE evaluation was the SCT because it revealed a significant decrease in SpO 2 at PRE with a more significant increase of both RR and HR than in the 6MWT. Adding to these objective data, the subjective evaluation of Borg's scale also showed that fatigue was significantly higher after SCT. This evaluation allowed us to say that the stress of exercise showed that these patients had low surgical risk, because despite the fact that SpO 2 had decreased in all studied moments, this decrease was little and it did not reach 4% which would be considered critical by Brunelli et al.
29
. Even after the surgery it could be noticed that the patients' performance was kept the same since the decrease in SpO 2 as well as the increase of both HR and RR after exercise had no significant difference when compared to PRE values. Maybe if SCT was applied at PO1 there might have been a decrease in SpO 2 , and that was the reason for not applying SCT on that moment, thus avoiding such risk to the patient.
Conclusion
Patients subjected to laparoscopic cholecystectomy present a more significant decrease in cardiorespiratory function on the first postoperative moments but there is a rapid return to PRE conditions, and at PO5 there are many parameters that display no difference between PRE values.
